The network oscillations are ubiquitous across many brain regions. In the basal ganglia, oscillations 17 are also present at many levels and a wide range of characteristic frequencies have been reported to 18 occur during both health and disease.The striatum is the input nucleus of the basal ganglia that 19 receives massive glutamatergic inputs from the cortex and is highly susceptible to cortical 20 oscillations. However, there is limited knowledge about the exact nature of this routing process and 21 therefore, it is of key importance to understand how time-dependent, periodic external stimuli 22 propagate through the striatal circuitry. Using a large-scale network model of the striatum and 23 2 corticostriatal projections, here we try to elucidate the importance of specific GABAergic neurons 24 and their interactions in shaping striatal oscillatory activity. Our results show that fast-spiking 25 interneurons, despite their uncorrelated firing, might have a crucial role in the emergence of high-26 frequency oscillations in the medium spiny neuron population, even if their activity is kept low.
where ( ) was the total synaptic input current to the neuron, and and denoted the 107 passive electrical cell properties, the capacitance and conductance of its membrane at rest ( ), 108 respectively. When the membrane potential reached a fixed spiking threshold ℎ , a spike was 109 emitted, and the membrane potential was reset to the resting value. 110 The subthreshold dynamics of the membrane potential ( ) of a FSI was described similarly 111 by the following equation: The initial membrane potentials of both MSNs and FSIs were chosen from a uniform distribution 116 from -86.3 to -55 mV and from -82 mV to -65 mV, respectively, in order to avoid any unwanted 117 synchrony, caused by the initial conditions in the simulation runs. It has been estimated that there are around 2800 MSNs located within the volume of the dendrites 120 of one spiny cell. MSNs are the dominant neuron type in the striatum (up to 95% in rodents [49] ), 121 and the radius of their axonal and dendritic arborisations are both around 200 µm. There are at least 122 two inhibitory circuits in the striatum that are activated by cortical inputs and that control firing in 123 MSNs. The first is FF inhibition via the small population of FSIs, and the second is FB inhibition 124 from the axon collaterals of the MSNs themselves. Therefore, we simulated a network of two types 125 of GABAergic neurons, 2800 MSNs and 56 FSIs. A scheme of the striatal network model is shown 126 in Fig. 1A . The connection probability between the MSNs was equal to 0.18 [50] . Each MSN 127 received inhibitory inputs from on average 11 FSIs, resulting in a 20% connectivity from FSIs to 128 MSNs [31] . where µ ϵ {MSN, FSI}, and µ denoted the rise times for the excitatory synaptic inputs and the 135 peak amplitude of the conductance transient ('strength' of the synapses), respectively ( Fig. 1B ).
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Inhibitory synaptic input was modeled similarly: Here, denoted the set of excitatory synapses projecting onto MSN . The inner sum run over 145 the sequence of spikes ( 's), and the set represented the spike times of the excitatory neuron .
146
The total inhibitory conductance ℎ, ( ) in a MSN was given by: The total synaptic current onto a MSN was: The selected population of FSIs and MSNs received sinusoidal current, corresponding to an 177 external stimulation from other brain areas, given for neuron as: be imposed (Fig. 1C ). The sinusoidal input was present from the start of the simulation, and δ was a studies showed that MSNs' frequency preference did not have a fixed frequency and that MSNs also 196 show no input impedance resonance [43] . In this study, we wanted to better understand the sole 197 striatal network response to oscillatory input and therefore we reduced our model in order to tackle 198 this complex question. The 2800 MSNs located within the volume of the dendrites of one spiny cell 199 constitute only a small volume of striatum and, hence, it is reasonable to assume a distance-200 independent random connectivity in the network. It is worth mentioning that our results remained 201 qualitatively unchanged when we assumed distance-dependent connectivity (data not shown). In the 202 striatum, FSIs are interconnected by gap junctions, but it is showed that the synchronization effects 203 due to gap junctions are low [56] . Modulatory effects of tonically active and dopaminergic neurons 204 were taken into account by changing the effective strength of the FB and FF inhibitions based on 205 experimental data. Persistent low-threshold spiking (PLTS) neurons are also known to inhibit MSNs, 206 but their output is relatively weak and sparse, therefore inclusion of these neurons would not affect 207 our conclusions [34] . 
where and denoted the two zero-mean vectors of two spike trains. For identical vectors 227 and , the correlation C was equal to unity. Since we were interested in millisecond synchronization, 228 the bin size was set to 1 ms. 229 The values in different groups were compared using the Mann-Whitney U-test and a p < 0.01 was 230 considered statistically significant. 
Results
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The striatum is a recurrent inhibitory network driven by excitatory inputs from the cortex, where curve) and high (blue curve) firing rate of FSIs (Fig. 3A) . Previous experimental work [21, 40, 57] 254 has demonstrated the importance of 80 Hz corticostriatal oscillations and, recently, it has been found 255 that the FSIs fire in relation to very high cortical frequencies [43] . In the following we describe The brain needs a mechanism to control the reliable propagation of activity over multiple distant 272 areas. Our computational model showed that FSIs were capable of transferring cortical oscillatory 273 inputs to the MSN population. Excitatory oscillatory inputs to the FSI population ( Fig. 5A , left panel) 274 drove the FSIs to fire in a sequential manner. In the cortex and hippocampus, it has been believed 275 that network oscillations require regular spike generation in the population of neurons that form the 276 circuitry [58] . In the striatum, our results showed that just a few FSIs that fire relative to the the maximal oscillatory input current (for A max =150 pA, the peak was not visible, while for 290 A max =250 pA, it was quite prominent). Next, we calculated the average pairwise correlation of 291 spiking activity for FSIs. It has been experimentally shown that the firing of striatal FSIs is 292 uncorrelated [36] . Correlation values were very low but increased with an increase in the maximal 293 amplitude of the oscillatory inputs ( Fig 5C) . The peak was visible in the MSN population even for an 294 average value less than 0.01 for the pairwise correlation. From the perspective of single MSN that 295 14
receive Poisson excitatory (mimicking external inputs) and inhibitory (mimicking inputs from other 296 neurons) drives, voltage is considerably reduced when oscillatory driven FSIs are added (Fig. 5D ). In 297 order to successfully transfer oscillations into MSNs, it is necessary that the number of FSIs that fire 298 during each cycle cross a threshold necessary to modulate activity of sufficient number of MSN 299 within the whole MSN population. driving frequency was completely abolished (Fig. 6A, left panel) . The peak could be re-established 307 by setting a connection probability from FSIs to MSNs to high, biologically unrealistic values (>0.5).
308
By contrast, the strength of FB inhibition did not play any prominent role in the transfer of 309 oscillations in the MSN population. When we completely removed FB inhibition, the stability of the 310 oscillatory peak in the power spectrum of the MSN population was not influenced (Fig. 6A , right 311 panel). The peak increased only slightly from 0.0512 to 0.0514 (p>0.5). We also wanted to identify a 312 minimum set of nodes that were sufficient to receive oscillatory input and transfer it to the MSN 313 population. Our results showed that not all interneurons had to receive oscillatory inputs in order to 314 successfully propagate it to MSN population (Fig. 6B, left the ongoing activity in the rest of the FSI network (different from the subset that received oscillatory 320 input) could influence the survival of the peak in the MSN population. Fig. 6B (right Methods), and the rest of the FSIs received Poisson drive that made them fire at two different 323 frequencies, ~20 Hz and ~80 Hz, respectively, in the latter case the peak had a reduced value (0.033 324 vs 0.028, p=0.017). restricted to the striatum what is out of scope of this paper where we were particularly interested in 407 elucidating propagation of high frequency oscillations rather than local emergence. Also a previous 408 study [43] showed that striatal cholinergic neurons fire in relation to the delta band frequencies. This work stands as the basis for future studies where one might use more detailed neuron models 416 to study the influence of dendritic morphology and ion channel compositions on striatal oscillations.
417
Overall, we have shown that a minor FSI population together with input-driven mechanisms might be 418 responsible for the nature of spectral characteristics in the striatal network, thus enabling new 419 perspectives on pharmacological intervention. 
